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(54) Planarization of an Interconnection structure 



(57) A method for planarizing a semiconductor 
structure having a first surface region with a high aspect 
ratio topography and a second surface region with a low 
aspect ratio topography. A flowable material is depos- 
ited over the first and second surface regions of the 
structura A portion of the material fills gaps in the high 
aspect ratio topography to form a substantially planar 
surface over the high aspect ratio topography. A doped 
layer, for example phosphorus doped glass, is formed 
over the flowable oxide material. The doped layer is dis- 
posed over the high aspect ratio and over the low aspect 
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FIG. 4 



ratio regions. Upper surface portions over the low 
aspect ratio region are higher than an upper surface of 
tiie flowable material. The upper portion of the doped 
layer is removed over both tiie first and second surface 
portions to form a layer with a substantially planar sur- 
fiace above both the high aspect ratio region and tiie low 
aspect ratio region. The metiiod is used for filling gaps, 
such as gaps between adjacent gate electrodes formed 
in a gate electrode surface region of a semiconductor 
structure. 
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Description 

B^gkqround of the Invention 

This invention relates generally to Integrated dr- s 
cuits and manul^cluring methods and more particularly 
to structures and methods having improved planarrty 
and alkali ion gettering properties. 

As is known in the art, In fbnming small line width 
geometries in a semiconductor process using photoli- to 
thography, it is necessary to provide a highly planar sur- 
face fOr various photolithographic masks used in such 
process. Further, in the falsrication of dynamic random 
access memories (DRAMs), a plurality of gate elec- 
trodes are formed adjacent one another with relative is 
small separation, i.e., gaps, between each adjacent pair 
thereof. The plurality of gate electrodes provide a high 
aspect ratio topography 

Further, the surface region adjacent the high aspect 
ratio topography may be relative low, i.e., relatively flat. 20 
Thus, it is necessary to fill these gaps width a suitable 
material, preferably a material with a low dielectric con- 
stant to prevent coupling between the adjacent elec- 
trodes and provide a planar surface over both the high 
and low aspect ratio topographies for subsequent pho- ss 
tdithography. 

With one process, after the gate electrodes are 
formed, a dielectric layer of silicon nitride is chemically 
vapor deposited (CVD) over the surface. The CVD sili- 
con nitride is a confonmal deposition and therefore gaps 30 
remain between adjacent gate electrode structures. The 
gap width between gate electrode structures after the 
layer of silicon nitnde is deposited is in the order of 
1200 A. Next, a layer of borophosphorosiiicate glass 
(BPSG) is chemically vapor deposited over the structure 35 
to fill in the gaps. The CVD BPSG is thick enough to not 
only fill the gaps but also extends over the tops of the 
CVD silicon nitride layer and over the filled gaps to a 
thickness in the order of IOOOA. 

As is also known in the art, contaminants, such as 4o 
sodium ions, or other alkali ions may come into contact 
with the outer BPSG layer. However, the phosphorous in 
the BPSG layer acts as a gettering material to counter- 
act the effect of the alkali ion contaminant. The structure 
is then heated to form a more planar surface. However, 45 
with aspect ratios of 3 - 5 or higher, the BPSG layer may 
not provide a surface with the requisite degree of 
planarity. 

Summary of the invention so 

In accordance with the invention, planarizing a 
semiconductor structure having a first surface region 
with a high aspect ratio topography and a second sur- 
face region with a low aspect ratio topography is pro- ss 
vided. A material is deposited over the first and second 
surface regions of a substrate. A portion of material fills 
gaps in the high aspect ratio topography to form a sub- 



stantially planar surface over the high aspect ratio 
topography, the levels of the high and low aspect ratio 
topographies over the surface of the substrate being dif- 
ferent A doped layer, for example phosphorus doped 
glass, is formed over the deposited material. The doped 
layer is disposed over the high aspect ratio and over the 
low aspect ratio regions. Upper surface portions of the 
doped layer over the low aspect ratio region are higher 
than an upper surface of the deposited material. The 
upper surface portions of the doped layer are removed 
over both the first and second surface portions to form a 
doped layer with a substantially planar surface above 
both ttie high and low aspect ratio topographies. 

In accordance with another feature of the invention, 
a method for filling gaps between adjacent gate elec- 
trodes formed in a gate electrode surface region of a 
semiconductor stmcture is provided. The method 
includes the step of spinning on a material over the 
structure. A first portion of such material flows between 
the gate electrodes to fill the gaps and a second portion 
of such material becomes deposited over tops of the 
gate electrodes and over the gaps to form a layer with a 
substantially planar surface over the gate electrodes. A 
doped layer, for example phosphorus doped glass, is 
fbrmed over the self-planariztng material. An upper por- 
tion of the doped layer is removed to form a layer with a 
substantially planar surface above tiie region of the gate 
electrode surface region of tiie semiconductor structure. 

The invention provides a substantially planar layer 
over the semiconductor structure for subsequem photo- 
lithography and the phosphorous dopant provides get- 
tering to remove adverse effects of alkali contaminant 
kvis whkih may enter the doped layer. Still further, the 
dielectric constant of the material filing the gaps, i.e., the 
first portion of the gap filling material, being substan- 
tially free of such contaminants and dopant, has a rela- 
tively low dielectric constant thereby reducing electrical 
coupling between adjacent electrodes. 

In accordance with one feature of the invention, the 
spin-deposited material is a flowable material, such as 
hydrogensiisesquioxane glass. The phosphorous 
doped layer may be provided by chemical vapor deposi- 
tion, for example. 

Brief Description of the Drawing 

Other features of the invention, as well as the Irwen- 
tion itself, may be more fully understood with reference 
to the following detailed description tal«n together with 
tiie accompanying drawings, in which: 

FIGS. 1-4 are diagrammatical, cross sectional 
sketches of a semiconductor integrated circuit 
structure fabricated in accordance witti the inven- 
tion; FIG. 1 showing a plurality of gate elect-odes 
disposed over a high aspect ratio topography sur- 
face region of a semiconductor substi-ate such 
region adjacent a tow aspect ratio topography sur- 
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face region; FIQ. 2 showing the structure of FIG. 1 
after such structure having spun over it a self- 
planarizing material, a first portion of such material 
flowing between the gate electrodes to fill the gaps 
and a second portion of such material becoming s 
deposited over tops of the gate electrodes and over 
the gaps to form a layer with a substantially planar 
surface; FIQ. 3 showing the structure after a doped 
layer is deposited over the self-planarizing material; 
and FIQ. 4 showing a the structure after the doped io 
layer is planarlzed over both the high and low 
aspect ratio topographies. 

Detailed Description 

IS 

Referring now to FIG. 1 . a semiconductor substrate 
10, here a siKcon wafer, is provided. As shown, a plural- 
ity of MOS transistors 12 has been formed on the upper 
surface thereof. Each one of the transistors 12 has 
source and drain regions, not shown, with a corre- so 
sponding one of a plurality of gate electrodes 14 dis- 
posed between each of the source and drain regions. 
Here, each gate electrode 14 includes a bottom layer 16 
of thermally grown silicon dioxide, a layer 18 of doped, 
low pressure chenvcal vapor deposited (LP CVD) poly- 25 
crystalline silicon formed on the silicon dioxide layer 16, 
a layer 20 of chemically vapor deposited tungsten-sili- 
cide formed on the polycrystalline silicon layer 18 and a 
top layer 21 of silicon nitride. The height H' of the gate 
stack (i.e.. layers 16. 18. 20, and 21) is here about 30 
4000A. After forming the gate slack, a silicon nitride 
liner 22 is chemically vapor deposited over surface of 
the structure. Here, the silicon nitride liner 22 has a 
thickness of about 300A. Further, here the length (L) of 
the gate electrodes 14 (i.e., the across the outer side- 35 
walls of the silicon nitride liner 22) is in the order of 
1800 A and the space (S) or gaps 28 between adjacent 
gate electrodes 14 (i.e., the distance between the outer 
sidewall of the adjacent silicon nitride liners 22) is in the 
order of about 1 2QQA. It is noted that the surface of the 40 
structure shown in FIG. 1 has a high aspect ratio region 
23 where the gate electrodes 14 are formed and a low 
aspect ratio region 25. The aspect ratio is the ratio of the 
height of the topography to the width of the topography 
The aspect ratio (A) is the ratio of H' to S (i.e., A=H7S ). 45 
Here, in the high aspect ratio region 23, A is in the range 
from about 3.3 to 4. 1 or higher. It is noted that in the low 
aspect ratio region 25, A is substantially zero. 

After patterning the gate electrodes 14 using con- 
ventional photolithographic etching techniques, a self- so 
planarizing material 27 is spun over the surface of the 
structure, as shown in FIG. 2. The material 27 is a flow- 
able material. In one embodiment, theflowable material 
is an Qoode such as hydrogensilsesquoxane glass man- 
ufactured and sold by Dow-CornIng, Midland, Ml. When ss 
such f lowable oxide material 27 is spun on the wafer, it 
is self-planarizing and a first, lower. portion 26 of ttie 
material 24 flows between the gate electrodes 14 to fill 



the gaps 28 between adjacent gate electrodes 14 and a 
second, upper portion 29 of the material 24 beoonnes 
deposited over tops of the gate electrodes 14 and the 
filled gaps 28 between adjacent gate electrodes 14 to 
form a layer 30 with a sut^ntially planar surface por- 
tion 32a over the aspect ratio region 23 and substan- 
tially planar surfdce portion 23b over the low aspect 
ratio region 25; it being noted that there is a non-planar 
transition region 32 between regions 32a, 32b. That is. 
the surface portions 32a, 32b are at different heights 
above tiie surface of the substrate 1 0. 

The self-leveling material 26 is deposited in a thick- 
ness to sufficiently provide isolation between the gate 
stacks and conductive layer (not shown) above the self- 
leveling material. In one embodiment, the thickness (T) 
of the self-leveling material over tfie low aspect ratio 
region 25 is in tiie order of about 3000A. The thickness 
of tiie material 26 in region 29 is about 1 0OOA and about 
SOOOA in tiie region 26. After spin-depositing tiie mate- 
rial 24, tiie structure is baked on a hot plate and cured 
in an oven at about 400^*0 for about one hour in a nitro- 
gen atmosphere to harden tiie material. 

Refen*ing to FIG. 3, a layer 36 is provided over the 
upper surface of the cured material 24. The layer is 
doped with an alkali ion gettering dopant 31, such as 
phosphorous. The dopant concentratnn of phospho- 
rous in the layer is sufficient to getter contaminants. The 
dopant concentration, in one embodiment, is about 2 - 6 
weight %, preferably about 2 - 5 weight %. and more 
preferably about 2 - 4 weight %. The doped layer, for 
exanple, is phosphorous doped silicate glass (PSG) 
formed by chemical vapor deposition (CVD). The forma- 
tion of PSG by CVD results in a confbrmal layer, causing 
ti^e height of the surface portion 33a of layer 36 over the 
high aspect ratio region 23 to be greater than the height 
of surface portion 33b of layer 36 over tiie low aspect 
ratio region 25. It is also noted tiiat height of the suriiace 
portion 32b of layer 36 is greater tiian the height of ttie 
surface portion 32a of the material 27. That is, upper 
surface portion 33b of the doped layer 36 over tiie low 
aspect ratio region 25 are higher tiian the upper surface 
portions 32a, 32b of tiie flowable oxide material 27. The 
layer 36 is sufficientiy thick such that the upper suriiace 
portion 33b is higher tiian the upper surface portion 
32a. As shown, tiie doped layer 36 is deposited to a 
ttiickness of about 400oA. 

Referring now to FIG. 4, portions of the upper sur- 
faces 33a. 33b (FIG. 3) of tiie doped layer are removed 
by, for example, chemical mechanical polishing (CMP). 
The CMP produces a doped layer 36 with a substan- 
tially planar surface 33c above botti tiie high and low 
aspect ratio topographies and over the non-planar tran- 
sition region 32. The doped layer above tiie high aspect 
ratio topographies is sufficientiy ttiick to effectively get- 
ter contaminants. In one embodiment, tiie tiiickness of 
tiie doped layer in tiie high aspect ratio topographies is 
about IOOOA. 

Thus, with tiie metiiods described above, a struc- 
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ture shown in FIG. 4 is highly planar as required for sub- 
sequent photolithographic processing, for example in 
forming upper metalization layers or electrically conduc- 
tive interconnecting wires (not shown). Further, the 
phosphorous dopant provides gettering to remove 5 
adverse effects of alkali ion contaminant ions. Still fur- 
ther, the dielectric constant of the material filing the 
gaps 28. being substantially free of such contaminants, 
has a relatively low dielectric constant (i.e.. in the order 
of 3.0 to 3.8) thereby reducing electrical coupling 10 
between adjacent gate electrodes. 

Other embodiments are within the spirit and scope 
of the appended claims. For example, other flowable 
materials may be spun-on the structure shown in FIG. 1 , 
such as spun-on silica aerogel or other Inorganic spun 75 
on materials. Still further, the flowable material may be 
formed using a gaseous deposition process with similar 
flow properties as that obtained with the spun on glass 
material described above instead of using such spin 
deposited process. One such material which may be 20 
used with gaseous deposition is Flowfill material sold by 
PMT-Electrotech, Chatsworth, CA. Still further, the proc- 
ess may be used to fill gaps other then gaps between 
adjacent gate electrodes, such as gaps between metal 
lines used as electrical interconnects over the structura 25 

Claims 

1 . A method for planarizing a semiconductor structure 
having a first surface region with a high aspect ratio 30 
topography and a second surface region with a low 
aspect ratio topography, the high and low aspect 
ratio topographies having different levels over the 
suriace of a substrate, such method comprising the 
steps of: 35 

depositing a flowable material over the first and 
second surface regions of the substrate, a por- 
tion of material filling gaps in the high aspect 
ratio topography to form a substantially planar 40 
surface over the high aspect ratio topography; 
and 

forming a doped layer over the deposited flow- 
able material, the doped layer being formed 
over the high aspect ratio and over the low 4S 
aspect ratio regions, upper suriiace portions of 
the doped layer over the low aspect ratio region 
being higher than upper suriace portions of the 
deposited flowable material; and 
removing upper suriace portions of the doped so 
layer over both the first and second surface 
portions to form a doped layer with a substan- 
tially planar suriace above both the high and 
low aspect ratio topographies. 

55 

2. The method recited in daim 1 wherein the step of 
forming the doped layer comprises the step of 
chemical vapor depositing phosphorus doped 



glass. 

3. The method recited in claim 1 wherein the step of 
depositing the flowable material comprises the step 
of spin depositing such flowable material. 

4. The method recited in claim 1 wherein the step of 
depositing the flowable material comprises the step 
of using gaseous deposition. 

5. The method recited in claims 1 . 2 or 3 wherein the 
step of depositing the flowable material comprises 
the step of depositing a flowable oxide. 

6. The method recited in claim 3 wherein the spin 
depositing step comprises the step of spin deposit- 
ing hydrogensilsesquioxane glass. 

7. The method recited in claims 1 . 2 or 3 wherein the 
step of d^ositing the flowable material comprises 
the step of depositing a flowable inorganic material. 

8. A method for filling gaps between adjacent gate 
electrodes formed in a gate electrode suriace 
region of a semiconductor structure, comprising the 
steps of: 

depositing a flowable material over the struc- 
ture, a first portfon of such material flowing 
between the gate electrodes to fill the gaps and 
a second portion of such material becomes 
deposited over tops of the gate electrodes and 
over the gaps to fomfi a layer with a substan- 
tially planar suriace over the gate electrodes; 
forming a doped layer over the deposited flow- 
able material; 

and removing an upper portion of the doped 
layer to form a layer with a substantially planar 

surface above the region of the gate electrode 
suriace region of the semiconductor structure. 

9. The method recited in claim 8 wherein the step of 
forming the doped layer comprises the step of 
chemical vapor depositing phosphorus doped 
glass. 

10. The method recited in claim 6, 7 or 8 wherein the 
flowable depositing step comprises the step of spin 
depositing the flowable nraterial. 

11. The method recited in claim 10 wherein the flowa- 
ble depositing step comprises the step of using 
gaseous deposition. 

12. The method recited in claim 10 wherein the spin 
depositing step comprises the step of depositing 
hydrogensitsesquioxane glass. 
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13. The method recited in claim 12 wherein the step of 
forming the doped layer comprises the step of 
chemical vapor depositing phosphorus doped 
glass. 

5 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 



5 



EP0875 930A2 




6 



EP0875d30A2 




7 



